Introduction
Out-of-hospital cardiac arrest (OHCA) is a leading cause of premature death in developed countries. 1 In patients suffering acute myocardial infarction (AMI), lack of timely contact with the health care system is a factor limiting the effectiveness of medical treatments, and is recognized as a major obstacle to the reduction of OHCA events. 2 As many as 80% of OHCA patients experience prodromal symptoms in the hours before their collapse, [3] [4] [5] [6] and this presents an opportunity to intervene by way of early recognition and appropriate medical intervention. For decades, public awareness campaigns have aimed to educate the community on the importance of early medical intervention after the onset of prodromal symptoms. 7 In patients with suspected AMI symptoms, public awareness campaigns have been associated with an improvement in the timeliness of medical contact, 8, 9 including an increase in presentations to emergency medical services (EMS), [10] [11] [12] emergency departments, 10, 12 and general practitioners 13 . A common inclusion criterion used in these studies is the presence of chest pain on medical contact, and this inherently excludes OHCA patients who experience chest pain but do not make timely contact with the medical system. Importantly, an increase in AMI presentations to hospital following a public awareness campaign could also mask a concomitant reduction in the rate of pre-hospital cardiac deaths. 9, 14 Examining the influence of campaign activity on the rate of OHCA in the community could therefore be an alternate measure of campaign effectiveness, and provide valuable information about changes in the public's health seeking behaviour.
Like many other regions, the incidence of OHCA has been declining in Australia, although the exact reasons for this have not been completely elucidated. [15] [16] [17] Between 2009 and 2013, a mass media public awareness campaign devised by the Australian Heart Foundation was shown across television, radio, print, and digital mediums, depicting the premature death of a man who failed to respond to the early symptoms of an AMI. 18 We sought to examine the effect of these mass media interventions on the incidence of, and deaths from, OHCA in the city of Melbourne, Australia.
Methods

Study design
Between 
Data sources
The VACAR methodology has been described elsewhere. 16 Commencing in 1999, the VACAR has captured all OHCA events attended by EMS in Victoria. Briefly, in-field treatment data are captured electronically using computer tablets operated by paramedics. A highly sensitive search filter is used to identify potential cardiac arrest cases from a database of electronic patient care records. Potentially eligible cases undergo manual review by registry personnel, and cases meeting eligibility criteria are entered into the registry extracting over 150 data points including the Utstein-style descriptors. 19 Complete case ascertainment is assured through the review of computer-aided dispatch records, emergency call logs, and paper-based treatment records. Paramedics are also required to report cardiac arrest cases and submit electrocardiogram recordings. Data quality control is facilitated by clinical audits of approximately 55% of cases with EMS-attempted resuscitation, monthly random audits of 10% of newly entered cases, and electronic data checking algorithms which are incorporated into the database.
Public awareness campaign
Between October 2009 and August 2013, the Heart Foundation showcased the 'Warning Signs of Heart Attack' mass media campaign in the Melbourne region. The campaign sought to improve the community's awareness of the warning signs associated with an AMI, and influence change to systems that contribute to patient delay. 18 In particular, the campaign sought to address several barriers to seeking urgent EMS care, by addressing the potential risks associated with ignoring symptoms and reduce any perception of embarrassment that may be caused by 'false alarms'. The campaign targeted men and woman aged 45 years and older, people with pre-existing heart disease and their families, and indigenous Australians. The central character of the campaign was a middle-aged man who recalled his premature death from AMI, and urged viewers to call EMS at the onset of prodromal symptoms. Examples of the advertisements used during the campaign can be found online (https://www.you tube.com/playlist?list¼PLhrygLMD00Es2sAsGr3eANWNqqiXHcaZR, 10 January 2016).
The campaign used a multifaceted media strategy incorporating a range of digital and press mediums, including television, radio, newspaper, and social media advertisements. Additional pro bono initiatives, including stories in newspapers and the distribution of promotional materials were also used. A total of 294 campaign days were delivered across Melbourne during the study period (Supplementary material online, Table S1 ). Campaigns were delivered in weekly blocks, but varied significantly year on year with respect to duration, the type of media, and its intensity. The purchasing of media was estimated at $3 million (USD $2.2 million) for the 23-month intervention period conducted in Melbourne.
Statistical analysis
A detailed description of the statistical analysis can be found in the supplementary material online, appendix. The baseline characteristics of OHCA patients were described using descriptive statistics, and compared across months with and without campaign activity using the v 2 test
and Wilcoxon rank-sum test, as appropriate. To assess the impact of campaign activity on the monthly volume of OHCA events and deaths, we performed time series regression controlling for the long-term trend, seasonality, and differences in month length. Campaign activity was specified in the model using a dichotomous variable denoting the presence of campaign activity in the observation month. Two outliers representing unprecedented heatwaves in the months of January 2009 and January 2014, 20 were replaced with their expected values to avoid overestimating the intervention effect. The stationarity of the time series was verified using the Augmented Dickey-Fuller test, and all models were adjusted for serial correlation by calculating Newey-West standard errors. 21 As public awareness campaigns can have delayed effects on health-seeking behaviour, we investigated whether the contemporaneous effect of campaign activity persisted in the months after its cessation. A total of six lag months were tested, but a final model consisting of two lag months was the most parsimonious and provided good overall performance. The effect of campaign activity on OHCA incidence was reported in this study as either 'immediate' or 'cumulative', and presented as incidence rate ratios (IRR) and 95% confidence intervals (CI). Immediate effects were defined as the average campaign effect observed on the Impact of a public awareness campaign month of campaign activity. Cumulative effects were defined as the sum of the average campaign effects on the month of campaign activity and the two lag months. To assess the influence of campaign characteristics on the incidence of OHCA, we tested alternative exposure variables in the model including the type of media used; the number of days of campaign activity in the observation month; the number of consecutive months with campaign activity; and the year of campaign activity. To identify sub-populations that were more likely to be influenced by campaign activity, we performed stratified analyses by age groups (<65 years/65 years), gender (male/female), witness status (unwitnessed/any witness), and the first monitored arrest rhythm on EMS arrival (shockable/nonshockable). A sensitivity analysis using segmented regression was used to verify our findings. 21 In this analysis, the pre-intervention, intervention and post-intervention time periods were divided into three segments, and separate intercepts and slopes were estimated for each segment. Campaign activity involved either television or radio in 8 months, while the remaining 15 months used television and radio or press together (Supplementary material online, Table S1 ). The characteristics of included OHCA patients are described in Table 1 .
Impact of campaign activity
Multivariable regression of the monthly incidence of OHCA events is shown in Table 2 . The temporal trend was significant, representing a monthly increase in OHCA incidence of 0.1% (95% CI: 0.1-0.2%; P < 0.001). When compared with summer, winter and spring were associated with increases in monthly OHCAs of 20.1% (95% CI: 15.1-25.2%; P < 0.001) and 7.8% (95% CI: 3.5-12.4%; P < 0.001), respectively. The presence of campaign activity in the observation month was associated with a 6.0% (95% CI: 2.8-9.0%; P < 0.001) reduction in the monthly incidence of OHCA. Accounting for the residual effect of campaign activity in the two lag months, the overall reduction in the cumulative incidence over the 3-month period was 11.7% (95% CI: 7.7-15.5%; P < 0.001). There were no significant campaign effects observed 3 or more months after the cessation of campaign activity. Similarly, campaign activity was associated with a 6.4% (95% CI: 2.8-10.0%; P < 0.001) reduction in monthly deaths from OHCA, or 13.0% (95% CI: 8.7-17.1%, P < 0.001) with the addition of residual effects in two additional lag months (Supplementary material online, Table S2 ). 
Influence of campaign characteristics
Stratified analyses
In the stratified analysis, campaign activity had a greater effect in males and patients aged 65 years, and reduced the incidence OHCA in unwitnessed and initial non-shockable arrests ( Table 3) . Campaign activity did not reduce the incidence of witnessed or initial shockable arrests.
Sensitivity analyses
Segmented regression of the monthly incidence of OHCA is presented in Table 4 , and shown graphically in Figure 1 . When compared with the level and trend of monthly OHCA incidence in the pre-intervention period, the intervention period was associated with a 15.2% (95% CI: 9.2-20.9%; P < 0.001) reduction in the mean monthly incidence of OHCA, and a non-significant reduction in the long-term trend of 0.2% (95% CI: 0.0-0.4%; P ¼ 0.08) per month.
The cessation of campaign activity in November 2013 was associated with a 6.5% (95% CI: 1.8-11.4%; P ¼ 0.006) increase in the mean monthly incidence of OHCA, and no change to the temporal trend. Similar findings were observed for mortality in the Supplementary material online, Figure S1 . When compared with the pre-intervention period, the intervention period was associated with a 16.6% (95% CI: 9.9-22.7%; P < 0.001) reduction in the mean monthly deaths from OHCA.
Discussion
A comprehensive public awareness campaign targeting the community's recognition of AMI symptoms and the importance of early action was associated with a reduction in the incidence of, and deaths from, OHCA in the city of Melbourne. If the effect of the intervention (as observed in the segmented regression) was extrapolated over the entire study period, we estimate there would have been an additional 2000 fewer deaths from OHCA. The reduction in OHCA incidence following mass media interventions follows a similar pattern to that observed for stroke 24 and chest pain 12 populations, with campaign effects observed during the month of campaign activity and up to 2 months after its cessation. Importantly, our findings suggest that mass media campaigns were most effective in populations who are known to experience devastating outcomes from OHCA, including patients aged 65 years, 25 unwitnessed arrests, 26 and those with an initial non-shockable arrest rhythm. 27 A key strength of our study is its size. The campaign was delivered intermittently over a 5-year period and was comprehensive in its use of mass media components, making it one of the most aggressive
public health messages described in the medical literature. 28 In addition, unlike other time series analyses of mass media interventions, our study allows for the thorough analysis and control of temporal trend and seasonal effects by including a large number of preintervention observations. 28, 29 Our study is the first to evaluate the impact of public awareness campaigns on OHCA event rates, and therefore comparison of our findings to earlier studies is not possible. The influence of campaign activity on mortality more generally has also been poorly evaluated. Only one study evaluated the effect of campaign activity on mortality after hospitalization with AMI and reported no effect from a public awareness campaign. 30 Furthermore, the use of public awareness campaigns to influence patient health-seeking behaviour in chest pain populations has also reported conflicting results. A recent systematic review reported that only 7 of 12 studies found a statistically significant reduction in patients' delay to seeking medical assistance after the onset of chest pain. 7 Although some studies reported an increased use of EMS after mass media intervention, this did not necessarily translate into a reduction in delays to seeking medical attention.
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In contrast, a recent study of patients admitted with an acute coronary syndrome in our region showed that the majority of patients were familiar with the Warning Signs campaign and this translated into fewer delays to seeking medical attention. 31 28 Second, the use of mass media in the pre-digital era is likely to be a key factor limiting the mass penetration of older campaigns, particularly those relying solely on a single media intervention. 32 In particular, the use of social media is evolving rapidly in the community and this may have also contributed to the effectiveness of the Warning Signs campaign. In comparison, previous campaigns from Australia (conducted between 1989 and 2002) were relatively ineffective at reducing patient delay time, and relied largely on radio and print mediums. 33, 34 Finally, unlike previous campaigns which were largely factual in nature, the Warning Signs campaign was developed to target the emotional, psychological, and behavioural barriers that inhibit early action (e.g. the embarrassment of a false alarm). 7 It is plausible that patients are able to circumvent an OHCA by way of early recognition of symptoms and appropriate medical intervention. In a small study from Germany, as many as 80% of patients with OHCA experienced prodromal symptoms, with some being able to tolerate chest pain for up to 630 min before their collapse. 3 Similarly, a study from Japan demonstrated that 18% of patients who experience prodromal symptoms before OHCA will tolerate them for more than 1 h. 4 Bray et al. 31 showed that acute coronary syn- Impact of a public awareness campaign were more likely to seek immediate medical assistance. It is also possible that public awareness campaigns can increase the number of health consultations to general practitioners in the months before an OHCA, and this may lead to an increase in primary prevention strategies. A report from Canada found that 16% of patients diagnosed with an acute coronary syndrome had sought general practitioner advice regarding prodromal symptoms in the 90 days preceding their cardiac event. 35 These findings support the notion that some OHCA patients have a window of opportunity during which to take appropriate action in response to prodromal symptoms. There are several important findings from our study which may help inform future mass media interventions. Unlike other years, the initial Warning Signs pilot campaign conducted in 2009 did not lead to an immediate reduction in OHCA. Instead, there was a delayed effect consisting of a 3-month cumulative incidence reduction of 11%. Similarly, the reduction in OHCA incidence was more prominent when campaign activity was increased in the months prior to the observation month. These findings could reflect the time taken to reach 'saturation point', or the point at which the majority of population has been exposed to the message and no longer respond to the information being presented in the campaign. Interestingly, our study does not provide evidence to suggest that mass media interventions were more effective with longer campaign activity days (14 days) or with greater use of radio and press in combination with television. However, the cumulative effect of longer campaign periods and the combined use of television with radio or press appeared to be most effective, and this is worthy of further investigation. In addition, campaign effects were sustained for 2 months following its activity and 4-monthly repetitions could therefore yield an optimal long-term reduction in OHCA incidence. Finally, the central character of the campaign was a middle-aged man, and it is not known whether this has contributed to a reduced campaign effect in females compared with males.
Our study has several limitations. First, a reduction in OHCA incidence following mass media intervention could be surrogate for other outcomes which could not be measured, including increased AMI presentations and earlier health-seeking behaviour. Second, we performed crude adjustments for population growth in our models, which assumes a linear relationship over the 10-year study period. Third, our stratified analyses include populations with smaller monthly counts (e.g. shockable arrests) and this may have contributed to their non-significant findings. Socio-demographic and comorbidity factors would also help elucidate campaign effects in key subgroup populations but this information was unavailable. Finally, an optimal approach to using segmented regression would be to model each campaign period separately, however, this approach requires a sufficient number of before and after observations which were not available in our data. As a result, we modelled the intervention period as a single continuous time segment between October 2009 and August 2013.
Despite these limitations, our study demonstrates that a comprehensive mass media campaign targeting the community's awareness of heart attack symptoms was associated with a significant reduction in the incidence of OHCA, and associated deaths. Until now, the role of mass media campaigns was largely focused on reducing patient delay times to seeking medical attention for AMI. Our study adds new insight into the potential role of public awareness campaigns, and suggests that both an immediate and sustained reduction in the incidence of OHCA can be achieved with regular mass media interventions. Further research is required to identify whether mass media campaigns are associated with increased AMI presentations to emergency departments.
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